p—"

Iv.

DISCUSSION AND CONCLUSION
In this work we have demonstrated four-wave parametric oscillation
and external gain at 36 GHz in an unbiased point contact junction. This
result helps to support the idea that previous observations of ampli-
fication from an unbiased thin superconducting film resulted from

21,22

Josephson effects. Qualitative agreement has been obtained between
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theory and experiment in that the oscillation or gain occurs when

QP = 0.1 and the zero-voltage current is suppressed nearly to zero. No
parametric effect, except for the appearance of a small idler, was detected

for pump power beyond the first zero of the zeroth step. Amplification was

only observed below the first zero, in the range in which the simple non-

linear inductance model is valid. This is an apparent disagreement with
the results in Fig. 3 which show significant negative resistance for

pump current beyond the first zero of the zeroth step.

The variability of our gain observations on junctions with essentially ]
similar I-V characteristics is difficult to understand quantitatively.
Certain junctions, which are saturated by amplified internal (or external)
noise show little or no gain for a small external signal, and show a high
value of TN' Other junctions behave as nearly ideal parametric amplifiers
as discussed above. We can speculate that accidental (parasitic) reso-

nances at frequencies close to multiples of wp could be sensitive to the

point geometry. These could invalidate the assumptions of our model and

contribute to the variability of the saturation effects.
It would be very desirable to make a theoretical study of the effects
of noise on both the singly degenerate and the doubly degenerate amplifier.

This could be done to a first approximation by adding Johnson noise in the
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shunt resistance to the equivalent circuit in Fig. 2., Such calculations
would allow a test of our speculations about the reasons for the absence
of gain in the singly degenerate amplifier. They would also allow a de-
tailed investigation of the noise saturation effect which is the most
important barrier to serious device application of the point contact
parametric amplifier.

We were prevented from including noise in our digital calculations
by limitations in the available computer time. The most promising way
to carry out such calculations appears to be with an improved analog i
simulator which could produce quantitatively accurate results when

biased at zero voltage.

Chiao et nl.7 have obtained performance similar to that reported
here, but in a much wider bandwidth. This is due to their use of a 1
series array of junctions. Since it may be some time before series
arrays are available with as large values of the product IcR as are
now available from single point contacts, we may speculate that their

wide bandwidth is obtained only with some sacrifice in the maximum

operating frequency.
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FIGURE CAPTIONS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1. The Nb junction mounted in the microwave cavity. The stub at
3Ag/a in front of the junction was present at room temperature. In
some experiments, the stub was taken out so that the cavity was formed
between the plunger and the junction itself. A circular choke groove
was cut in the Nb flange to minimize microwave leakage.

2. Equivalent circuit of the microwave cavity. Here the 3Ag/4
impedance transformation has been performed. The inductor in series
with the junction represents the Nb wires. It has a reactance between
50 and 1009 at 36 GHz. The resistance comes from losses in the
cavity other than the junction. It was estimated to be less than 1Q
from a cavity Q measurement with the junction shorted.

3. Calculated curves of small signal parametric resistance versus
pump current. Parametric amplification can take place if the value
is more negative than the cavity resistive loss.

4. Block diagram showing the experimental arrangement. Arrows
indicate power flow. Pump and LO attenuators are not shown.

S Different spectra of parametric excitations obtained from the

same junction without applied signal. The unresolved line (resolu-
tion 1 MHz) at thecenter is the reflected pump.

6. Reflected pump power versus incident power for three junctions
The data have been normalized to superimpose the linear regions at

low power. Junctions with smaller R appear to show a steeper nega-

tive slope after the break.
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Fig. 7. Static I-V curves of a junction which shows net gain. Picture

2 g

(a) was taken without pump applied. The junction is slightly

e A AP

e

hysteretic. Picture (b) was taken when the zero-voltage current

-

is suppressed by the pump to almost zero and small signal para-
metric gain is observed.

Fig. 8. (a) Spectrum of the microwave input to the junction. The small ' ?

signal is to the right of the applied pump.

(b) Spectrum of the microwave power reflected by the junction. : é
The pump level is the same in these two pictures. The spectrum

analyzer resolution is 1 MHz.
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